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SPECIFICATON 

PROCESS FOR PRODUCING a^a-BIS (HYDROXYMETHyL)ALKANAL 

Technical Field 

The present invention relates to a process for 
efficiently producing an a,a-bis (hydroxymethyl)alkanoic acid 
useful in producing polymers such as polyurethane ^ polyester, 
and epoxy resins and also relates to a process for 
efficiently producing an a,a-bis (hydroxymethyl)alkanal ,an 
intermediate thereof. 
Background Art 

As processes for producing an 
a,a-bis(hydroxymethyl)alkanal/ a process for allowing an 
aliphatic aldehyde to react with formaldehyde in the 
presence of a basic catalyst is known. Exairples of the 
basic catalyst used in the process include hydroxides such 
as sodium hydroxide, potassium hydroxide, and calcium 
hydroxide, containing an alkali metal or an alkaline-earth 
metal; carbonates, such as sodium carbonate, potassium 
carbonate, sodium hydrogen carbonate, and potassium hydrogen 
carbonate, containing an alkali metal or an alkaline-earth 
metal; tertiary amines; and solid basic catalysts such as 
basic ion exchangers (see, for exaitple, Japanese Published 
Examined Patent Application No. 20965/1977, Japanese 
Published' Unexamined Patent Application No. 263141/1987, 
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Japanese Published Examined Patent Application No. 
55181/1992, USP No. 3,312,736, and West Germany Patent No. 
2,507,461) . 

In the production of the a,a-bis (hydroxymethyl )alkanal, 
the yield of the a,a-bis (hydroxymethyl)alkanal is low in 
general when the ratio of formaldehyde to the aliphatic 
aldehyde is less than or equal to a stoichiometric ratio, 
that is, the amount of formaldehyde used is 2 mol or less 
with respect to 1 mol of the aliphatic aldehyde. Therefore, 
processes in which two moles or more of formaldehyde is 
allowed to react with one mole of the aliphatic aldehyde are 
disclosed (see, for exanple, Japanese Published Unexamined 
Patent Application No. 135717/1979 and Japanese Published 
Examined Patent Application No. 55181/1992). However, the 
processes disclosed in these patent documents are not cost- 
effective because a large amount of formaldehyde remains 
after the completion of the reaction and conplicated 
operations for separating and/or recovering the remaining 
formaldehyde must be performed. Furthermore, if a reaction 
product is subjected to a step such as an oxidation step or 
hydrogenation step without removing the remaining 
formaldehyde, the processes have problems such as a 
necessity for an excessive amount of reactants and a heavy 
load of a step of refining a product . 

On the other hand, a process in which formaldehyde is 



- 3 - 

allowed to react with an aliphatic aldehyde at a 
stoichiometric ratio is also disclosed (see, for exanple, 
Japanese Published Unexamined Patent Application No. 
209323/1999). However, an example disclosed in this patent 
document shows that the conversion of formaldehyde is below 
90% and a step of removing formaldehyde is necessary. If 
formaldehyde is not removed, there is a problem that the 
load of a refining step becomes heavy. 

Accordingly, a process for producing for enhancing the 
conversion of formaldehyde to produce an a,a- 
bis(hydroxymethyl)alkanal ef f iciently has been demanded. 
Disclosure of the Invention 

The present invention provides the following (1) to (8) 
below. 

(1) A process for producing an a,a- 

bis(hydroxymethyl)alkanal represented by Formula (II): 

CH2OH 
I 

R— C— CHO (II) 
CH2OH 

(wherein R represents an alkyl group, a cycloalkyl group, or 

an aryl group) which comprises reacting an aldehyde 

represented by Formula ( I ) : 

R-CH2-CHO (I) 

(wherein R has the same meaning as defined above) with 
formaldehyde in the presence of a basic catalyst and a 



phase-transfer catalyst. 

(2) The process for producing according to (1), wherein 
the amount of formaldehyde used is in the range of 0.3 to 
1.7 mol with respect to 1 mol of the aldehyde represented by 
Foimiula ( I ) . 

(3) The process for producing according to (1) or (2)^ 
wherein the amount of the phase-transf er catalyst used is in 
the range of 0.0001 to 10 mol with respect to 1 mol of the 
basic catalyst. 

(4) The process for producing according to any one of (1) 
to (3),. wherein the phase-transfer catalyst is an onium salt, 
a crown ether / or a surfactant.. 

(5) The process for producing an a,a-bis(hydroxymethyl) 

alkanoic acid represented by Formula (III): 

CH2OH 
I 

R— C — CO2H (III) 
I 

CH2OH 

(wherein R represents an alkyl group, a cycloalkyl group, or 

an aryl group) which comprises reacting an aldehyde 

represented by Formula ( I ) : 

R-CH2-CHO (I) 

(wherein R has the same meaning as defined above) with 
formaldehyde in the presence of a basic catalyst and a 
phase- transfer catalyst to obtain an a,a- 
bis ( hydroxymethyl ) alkanal represented by Formula ( II ) : 
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CHaOH 
R— C— CHO (II) 
CH2OH 

(wherein R has the same meaning as defined aJ^ove) and 
oxidizing the obtained a^a-bis(hydroxymethyl)alkanal. 

(6) The process for producing according to (5)^ wherein 
the amount of formaldehyde used is in the range of 0.3 to 
1.7 mol with respect to 1 mol of the aldehyde represented by 
Formula ( I ) . 

(7) The process for producing according to (5) or (6), 
wherein the amount of the phase-transfer catalyst used is in 
the range of 0.0001 to 10 mol with respect to 1 mol of the 
basic catalyst. 

(8) The process for producing according to any one of (5) 
to (7)^ wherein the phase-transfer catalyst is an onixim salt, 
a crown ether, or a surfactant. 

In description below, the a,a-bis(hydroxymethyl)alkanal 
represented by Formula (II) may be sin^ily referred to as an 
a,a-bis(hydroxymethyl)alkanal and the a,a- 

bis(hydroxymethyl)alkanoic acid represented by Formula (III) 
may be simply referred to as an a,a- 
bis(hydroxymethyl)alkanoic acid in some cases. 

The groups in the above formulas are defined as 
described below. Exanples of the alkyl group include, for 
example, a linear or branched alkyl group having one to 
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eighteen carbon atoms such as a methyl group, an ethyl group, 
a propyl group, an isopropyl group, a butyl group, an 
isobutyl group, a sec-butyl group, a tert-butyl group, a 
pentyl group, a hexyl group, a heptyl group, an octyl group, 
a nonyl group, a decyl group, a dodecyl group, and an 
octadecyl group. In particular, an alkyl group with one to 
six carbon atoms is prefercd^le and the ethyl group is more 
preferable. As the cycloalkyl group include, for example, a 
cycloalkyl group with three to eight carbon atoms such as a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, a cycloheptyl group, and a cyclooctyl 
group. Exanples of the aryl group include a phenyl group, a 
naphthyl group, an anthranyl group, and the like. 

Formaldehyde is preferadDly used in the form of an 
aqueous solution, more preferably in the form of an aqueous 
solution containing 5% to 60% of formaldehyde, and further 
more preferably in the form of an aqueous solution 
containing 30% to 55% of formaldehyde on a weight basis. To 
1 mol of the aldehyde represented by Formula (I), the amount 
of formaldehyde used is preferably 0.3 to 1.7 mol, more 
preferably 0.6 to 1.5 mol, and further more preferably 0.9 
to 1.3 mol. 

Exaitples of the basic catalyst include basic inorganic 
coii^unds such as sodium hydroxide, potassium hydroxide, 
calcium hydroxide, sodium carbonate, potassium carbonate. 
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sodium hydrogen carbonate , and potassium hydrogen carbonate; 
basic organic conpounds such as triethylamine and 
tributyl amine; cOid solid basic catalysts such as basic ion 
exchangers- 

To 1 mol of the aldehyde represented by Formula ( I ) / 
the amount of the basic catalyst used is preferably 0.001 to 
0.3 mol and more preferably 0.01 to 0.2 mol. 

Exanples of the phase-transfer catalyst include an 
onium salt,, a crown ether / a surfactant and the like. 

Examples of the onium salt include an ammonium salt, a 
phosphonium salt, an arsonium salt and the like. In 
particular, the ammonixim salt, the phosphonium salt and the 
like are preferable. 

Exanples of the ammonium salt include 
tetramethylammonium bromide, tetrabutylaramonium bromide, 
benzyl trimethylaratnonium bromide , cetylddLmethylethylammonium 
bromide, cetyltrimethylammonium bromide, 
cetyltrimethylammonixim chloride, and the like. 

Examples of the phosphonium salt include 
tetrabutylphosphonium bromide , tetraphenylphosphonium 
bromide and the like. 

Exanples of the arsonium salt include 
tetraphenylarsonium chloride and the like. 

Examples of the crown ether include dibenzo-18-crown-6 , 
dicyclohexyl-18-crown-6, 18-crown-6, 15-crown-5 and the like. 
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Examples of the surfactant include an anionic 
surfactant/ a cationic surfacteuit, an amphoteric surfactant, 
a nonionic surfactant, and a conpound surfactant. In 
particular, the anionic surfactant is preferable. 

Examples of the anionic surfactant include carboxylates , 
sulfonates, sulfate esters, phosphate esters and the like. 
In particular, the anionic surfactant include sodium 
dodecylsulf ate, lithium dodecyl sulfate, lithium 3,5- 
diiodosalicylate , tris ( hydroxymethyl ) aminomethane 
dodecylsulf ate, sodium chelate, N-lauroylsarcosine, sodium 
N-dodecanoilsarcosinate and the like. 

Exanples of the amphoteric surfactant include betaines, 
aminocarboxylic acids, and imidazoline derivatives. 

Exanple of nonionic surfactant include an ether type, 
an ether-ester type, an ester type, and a nitrogen- 
containing type. A fluorine-containing surfactant, a 
reactive surfactant, a polymer flocculant, an ore flotation 
agent and the like may 'be also be used as the nonionic 
surfactant . 

These types of phase-transf er catalyst may be used 
alone or in combination of two or more types. 

To 1 mol of the aldehyde represented by Formula ( I ) , 
the amount of the phase-transf er catalyst used is preferably 
0.0001 to 0.1 mol and more preferably 0.001 to 0.01 mol. 

To 1 mol of the basic catalyst, the amount of the 
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phase-transfer catalyst used is preferably 0.0001 to 10 mol, 
more preferably 0.001 to 1 mol, aind further more preferably 
0.01 to 0.5 mol. 

The temperature of the reaction is preferably 10° C to 
100* more preferably 30'C to 80'C^ and further more 
preferably '40' C to 70* C. The time of the reaction is not 
particularly limited and is preferably 10 minutes to 12 
hours, more preferably 20 minutes to 8 hours, and more 
preferably 30 minutes to 5 hours. 

The reaction may be performed in the presence of a 
solvent. The solvent is not particularly limited as long as 
it is inert to the reaction. Examples of the solvent 
include water, methanol, ethanol and the like. 

After the reaction is finished, the reaction mixture is 
subjected to extraction and/or distillation, whereby the . 
a,a-bis(hydroxymethyl)alkanal can be refined. - 

The a,a-bis(hydroxymethyl)alkanal obtained may be 
oxidized into the a,a-bis(hydroxymethyl)alkanoic acid or 
reduced into a trimethylolalkane . 

Exanples -of a process for oxidizing the obtained a,a- 
bis(hydroxymethyl)alkcuial into the a,a- 
bis(hydroxymethyl)alkcUioic acid include a process for 
oxidizing the a,a-bis (hydroxymethyl)alkanal with hydrogen 
peroxide (USP No. 3,312,736), a process for oxidizing the 
a,a-bis (hydroxymethyl)alkanal with hydrogen peroxide in the 
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presence of a catalyst containing cerium^ titanium, 
zirconivim or the like (Japanese Published Examined Patent 
Application No. 45430/1995)/ a process for oxidizing the 
a , a-bis ( hydroxymethyl ) alkanal with i-butylhydroper oxide 
(Journal of Synthetic Organic Chemistry , Japan, vol. 36, p. 
1095 (1978)), and a process for oxidizing the a,a- 
bis( hydroxymethyl) alkanal with air or oxygen (Japanese 
Published Unexamined Patent Application No. 100349/1999). 

In the process for oxidizing the a,a- 
bis( hydroxymethyl) alkanal with air or oxygen, a reactive 
solvent is preferably used. Exanples of the reactive 
solvent include acetates such as ethyl acetate and butyl 
acetate; lower alcohols such as methcinol, ethanol, n-propyl 
alcohol, isopropyl alcohol, n-butyl alcohol, and isobutyl 
alcohol; ketones such as acetone, methyl ethyl ketone, and 
methyl isobutyl ketone; and water and the like. The 
temperature of the oxidation is preferably from 40* C to 
100** C. The concentration of the a,a- 
bis( hydroxymethyl) alkanal in a reaction solution is 
preferably 50% or less on a weight basis. 

The amount of air or oxygen used is preferably greater 
than or equal to the theoretical amount required to oxidize 
the a , a-bis ( hydroxymethyl ) alkanal . 

After the oxidation is finished, the obtained reaction 
solution is concentrated.' The resulting reaction solution 
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ls mixed with a solvent such as an acetate including ethyl 
acetate or a ketone including acetone and then the obtained 
a^a-bis(hydroxyinethyl)carboxyllc acid subjected to 
crystallization/ whereby a target product is obtained. 

Exanples of the process for producing trlmethylolalkane 
by reducing the a/a-bis(hydroxymethyl)alkanal include a 
process for reducing the a/a-bis(hydroxymethyl)alkanal in 
the presence of a catalyst containing Cu, Ni, Pd, Pt or the 
like. 

The ara-bis(hydroxymethyl)alkanal and the a,a- 
bis(hydroxymethyl)alkanoic acid are useful as a starting 
material for polymers such as polyurethane ^ polyester / and 
epoxy resins. 

A process for producing of the present invention is 
industrially useful because the a^a- 
bis(hydroxymethyl)alkanal can be obtained with high 
efficiency and high selectivity and since the amount of 
foirmaldehyde remaining after the completion of reaction is 
small due to its high aldehyde conversion, the load of a 
step of refining a final product will be low even if the 
a/a-bis(hydroxymethyl)alkanal is subjected to oxidation or 
reduction without removing formaldehyde. 
Best Mode for Carrying Out the Invention 
Exanple 1 

Into a 300-mL round-bottomed flask equipped with a 
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reflux condenser/ 72.1 g (1 mol) of n-butylaldehyde was fed. 
Furthermore, 81.2 g (1 mol) of 37% formaldehyde, 10.6 g 
(0.02 mol) of a 20% aqueous solution of sodium carbonate, 
and 0.58 g (0.002 mol) of sodium dodecylsulf ate were then 
fed into the flask. These reactants were subjected to 
reaction at 60* C for one hour. In the reaction, the 
conversion of formaldehyde was 97.5% and the yield of a,a- 
bis (hydroxyme thy 1) but anal was 67.2% on the basis of 
formaldehyde. The yield of 2 -ethyl acrolein was 13.2% on the 
basis of n-butylaldehyde . 
Example 2 

Into a 300-mL round-bottomed flask equipped with a 
reflux condenser, 72.1 g (1 mol) of n-butylaldehyde was fed. 
Furthermore, 97.4 g (1.2 mol) of 37% formaldehyde, 13.2 g 
(0.025 mol) of a 20% aqueous solution of sodium carbonate, 
and 0.58 g (0.002 mol) of sodium dodecylsulf ate were then 
fed into the flask. These reactants were subjected to 
reaction at 60' C for three hours. In the reaction, the 
conversion of formaldehyde was 92.6% and the yield of a,a- 
bis(hydroxymethyl)butanal was 70.0% oh the basis of 
formaldehyde. The yield of 2-ethylacrolein was 10.1% on the 
basis of n-butylaldehyde. 
Example 3 

Into a 300-mIj round-bottomed flask equipped with a 
reflux condenser, 72.1 g (1 mol) of n-butylaldehyde was fed. 
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Furthermore, 81.2 g (1 mol) of 37% formaldehyde, 10.6 g 
(0.02 mol) of a 20% aqueous solution of sodium carbonate, 
and 0.68 g (0.002 mol) of tetrabutylphosphoniiun bromide were 
then fed into the flask. These reactants were subjected to 
reaction at 60* C for one hour. In the reaction, the 
conversion of formaldehyde was 96.2% and the yield of a,a- 
bis(hydroxymethyl) but anal was 67.8% on the basis of 
formaldehyde. The yield of 2-ethylacrolein was 13.0% on the 
basis of n-butyl aldehyde. 
Conparative. Exaii^le 1 

Into a 300-mIj round-bottomed flask equipped with a 
reflux condenser, 72.1 g (1 mol) of n-butylaldehyde was fed. 
Furthermore, 97.4 g (1.2 mol) of 37% formaldehyde and 13.2 g 
(0.025 mol) of a 20% aqueous solution of sodium carbonate 
were then fed into the flask. These reactants were 
subjected to reaction at 60"^ C for three hours. In the 
reaction, the conversion of formaldehyde was 84.4% and the 
yield of a,a-bis(hydroxymethyl)butanal was 57.1% on the 
basis of formaldehyde. The yield of 2-ethylacrolein was 
13.1% on the basis of n-butylaldehyde. 

Results of Exait^ies 1 to 3 and Comparative Exanple 1 
are shown in Table 1. 
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Table 1 shows that the process of Examples 1 to 3 are 
superior in both the conversion of formaldehyde and the 
yield of a target product as conpared to the process of 
Comparative Exairple 1 . 
Industrial Applicability 

The present invention provides a process for producing 
an a^a-bis(hydroxymethyl)alkanal in ari aldehyde such as an 
aliphatic aldehyde with high efficiency because of the high 
conversion of formaldehyde. 



